Introduction
Connexins (Cx) are a family of~20 genes that encode the proteins that form gap junctions (GJs) in vertebrates (Sohl and Willecke, 2004) . Each GJ is an aggregate composed of tens of thousands of individual channels, each of which is composed of two apposed hemichannels on adjacent cell membranes (Kumar and Gilula, 1996) . Most cell types express one or more Cxs, including astrocytes, which are extensively coupled by GJs. Astrocytes are coupled to each other (A:A coupling) by Cx43:Cx43 and Cx30:Cx30 homotypic channels, and are thought to be coupled to oligodendrocytes (O:A coupling) by heterotypic Cx47:Cx43 and Cx32:Cx30 channels (Altevogt and Paul, 2004a; Li et al., 2004; Nagy and Rash, 2003; Nagy et al., 2003a; Orthmann-Murphy et al., 2007b , 2008 Rash et al., 2001a,b) . Oligodendrocytes are not thought to be directly coupled by GJs (Mugnaini, 1986) , although Cx32 probably forms GJs that link the layers of the myelin sheath (Kamasawa et al., 2005) .
Mutations in GJB1, the gene that encodes Cx32, cause X-linked Charcot-Marie-Tooth (CMT1X), the second most common kind of inherited demyelinating neuropathy (Kleopa and Scherer, 2006) . In addition to slowed conduction in peripheral nerves, many patients also have slowed central conduction, and a subset of patients develop overt CNS manifestations including spasticity, hyperreflexia, ataxia, and acute reversible encephalopathy with white matter abnormalities on MRI (Akimoto et al., 2010; Bahr et al., 1999; Kleopa et al., 2002 Kleopa et al., , 2006 Nicholson and Corbett, 1996; Nicholson et al., 1998; Panas et al., 2001; Paulson et al., 2002; Siskind et al., 2009; Takashima et al., 2003; Taylor et al., 2003; Zambelis et al., 2008) . Recessive mutations in GJC2, the gene encoding Cx47, cause Pelizaeus-Merzbacher-like disease (PMLD), a severe leukodystrophy with childhood onset, characterized by nystagmus, progressive spasticity, and ataxia (Bugiani et al., 2006; Uhlenberg et al., 2004) .
These human diseases demonstrate that Cx32 and Cx47 play essential roles in the maintenance of oligodendrocytes/CNS myelin, and this has been affirmed in the analysis of mice with loss of function mutations in both Gjb1 (encodes mouse Cx32) and Gjc2 (encodes mouse Cx47). These "double-null" mice develop a variety of pathological findings, including vacuoles, demyelination, and apoptotic oligodendrocytes (Menichella et al., 2003 (Menichella et al., , 2006 Odermatt et al., 2003) . In this paper, we wished to determine the relative contributions of Cx32:Cx30 and Cx47:Cx43 to O:A coupling by examining the extent of dye transfer in young wild-type, Gjb1-null, Gjc2-null, and double-null mice. Because O:A coupling is lost in the neocortex and the corpus callosum of double-null mice, Cx32 and Cx47 are required for O:A coupling, presumably because both Cx32:Cx30 and Cx47:Cx43 GJs are absent. Because O:A coupling is lost in the neocortex of Gjc2-null mice, but not in Gjb1-null mice, it is likely mediated mainly through Cx47:Cx43 channels. In the corpus callosum, O:A coupling is not seen, even in wild-type mice. Rather, we find O:O coupling that is partially disrupted in Gjb1-null mice, but not in Gjc2-null mice, so it is likely mediated mainly through Cx32:Cx32 channels. Electron microscopy, furthermore, demonstrates that oligodendrocytes are directly coupled by GJs. Neurobiology of Disease 42 (2011) 506-513 
